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INTRODUCTION

The arc bend-chord support sample has been proposed for standardization
with ASTM (ref 1). This specimen is ar. arc-shaped specimen loaded in three-
point bending with the support ioads resting on a chordal cut of a cylinder.
Figure 1 is a schematic of the arc bend-chord support specimen, The stress
intensity factor, crack-mouth-opening displacement, and load-line displacement
have been developed for this specimen (ref 2). Wide range expressions for the
stress intensity factor and crack-mouth-opening displacement have also been
developed (ref 2). These expressions are valid in the range of a/W 2 0.2,
however, this restriction is not an inconvenience when performing €racture
toughness or fatigue crack propagation tests.

A group within ASTM's committee E-24 has been formed to study the behavior
of short cracks. One of the specimens being considered is the arc bend-chord
support sample, since many of the components tested are tubular products. To
Juse the arc bend-chord support sample for short crack testing, a new wide range
eroressicn is necessary that is applicable for short crack lengths for both the

stress intensity factor and for the crack-mouth-opening displacement.

ANALYSIS

To develop the short crack limits for the stress intensity factor and the
crack-mouth-opening displacement for any two-dimensional crack problem, %he
Adigglesworth stress intensity factor solution (ref 3) and the Paris application
of Castigliano's theorem (ref 4) are used. For the stress intensity factor, the
Timit s

1im K = 1.12 o¥na ‘s

‘e
a-0




where K is the stress intensity factor, a is the crack length, and g is the
vaiue of the normal stress at the surface. For crack-mouth-opening displace-
ment, the 1imit is
Tim A = 5.83 g? (2)
a-0
where 4 is the crack-mouth-opening displacement, E' is the elastic modulus (Z)
for plane-stress or £/(1-v%) for plane-strain, and v i3 Poisson's ratio.
Similarly, the Timits for the stress intensity factor and crack-mouth-ocening
aispiacement can also be determined for the case of the crack agpreoachnirg 2
through-thickness crack. The limit for the stress intensity factor is “ron
Wi'son's solution {(ref 5), and the crack-mouth-opening displacement can be
determined using the Paris treatment (ref 4) once again.

The deep crack limit for the stress intensity factor is

1im K = 3.975 ---ccc=-- (3
2 (W-2)3/2 )

~here M is the applied moment per unit thickness (B) and W is the specimen
width, For the crack-mouth-cpening displacement, the deep crack limit is

Tim A = 15.8 —7----<- (4)

a-W

Jdsing Egs. (1), (2), (3), and (4) and some algebraic manipuiation, we

Jevelop nondimensional forms of both the stress intensity factor and the crack-
mouth-opening displacements that approach both the short crack and the deep
crack 1imits correctly. The numerically determined stress intensity factor and
crack-mouth-opening displacement can then be normalized using the proper forms
developed and interpolating polyncmials can be fitted to the numerical solutions

as well as the 1limiting solutions.




For the arc bend specimen, there are two other variables that must be
accounted for. These are the span (S) used and the effects of curvature as
represented by the radius ratio (ri/rp). As shown in Reference 2, the effects
of span cannot be accounted for simply with the limiting solutions. Therefore,
two separate expressions were fit to the two proposed standard spans (span tc
width ratio (S/W) of 3 or 4) for either the stress intensity factor or the
crack-mouth-opening displacement. The same expressions are also used in this
report. The curvature effect is accounted for by the short crack limit solu-
tions that involve the surface stress. At mid-span, the arc bend specimen is
subjected to loading such that the surface stress is a pure bending stress. The
shear stress at the surface js zero. Using the solutions for a curved team sub-

jected to pure bending, this surface stress can be determined as (ref 8)

o = DIS/MI(1-ry/rg)2(1-ry2/rp2-21n(ra/r1)) (5)
BW((1-rq/rp)2-4r12/rp2in2(ry/rq)) ‘

Using Egs. (1), (3), and (5), the normalized form of the stress intensity

factor that has finite 1imits as the crack approaches both zero length and

through-thickness is

-a/Wy3/¢
KEYH(1-2/W)3/2 = [1 + g(rq{/ro)h(a/Wlf(a/W) (6)

P(S/W)/a, W
The numerical stress intensity factor results from Reference 2, the limit
solutions outlined above, and the numerical results for the three-point bend
specimen (rq/rp = 1) (ref 7) are presented in Table I for S/W = 4. Table II
gives the stress intensity factor results from Reference 2 and the above limit
solutions for S/W = 3. The normalized solutions in the tables lead to the
right-hand side of Eq. (6). The strongest effect of ry/rp occurs when the

cracks are very short. This curvature effect decays to zero when the cracks




approach through-thickness. Decreasing ri/rp from the three-point bend case,
(r1/rp = 1), has a tendency to increase the stress intensity factor a relatively
small amount that increases as the specimen becomes more curved. Therefore, the
form of the interpoiating polynomials (Eq. (6)) was chosen. With this form,
g(rqi/ro) was fit to account for the maximum curvature effect (a/W=0), and h(a/W)
had a maximum value of one at a/W = 0 and a minimum value of zero at a/W = 1.
Both of these polynomials can be obtained by least squares fitting to the data
reported in the tables.

For S/W = 4, the three interpclating polynomials are

g(rq/ra) = 0.832 - 1.376 ry/rp + 0.544(r:/rp)?

h(a,/W)

1.003 - 4.680 a/W + 9.953(a/W}2 - 10.030(a/W)2 + 3.754(a/W)*

{a/W) 2.978 - 8.240 a/W + 17.157(a/W)2 - 18.073(a/W)3 + 7.174(a/W)* (7)
For S/W = 3, the interpolating polynomials are
g(ri/rp) = 1.035 - 3.238 rq/rp + 2.938(rq/rp)?® - 1.005(ry/rp)?
h(a/W) = 1.000 - 6.740 a/W + 22.224(a/W)2 - 36.295(a/W)?
+ 27.630(a/W)* - T7.820(a/W)s
f(a/W) = 2.978 - 10.366 a/W + 32.196(a/W)2 - 53.232(a,W)3
+ 55,737(a/W)4 - 20.378(a/W)S5 (8)

The accuracy of these polynomials is as follows: for S/W = 4, better than

= 0.1 percent at a/W = 0 and = 0.9 percent for any a/W and 1 € ry/rp € 0.6; for

S/W

3, better than - 0.1 percent at a/W = 0 and = 3.2 percent for any a/W and

e
IN

ri/rp € 0.4, and - 1.2 percent for any a/Wand 1 ¢ rq/rp < 0.6.
For crack-mouth-opening displacement, the normalized form that has finite

Timits as the crack approaches both zero length and through-thickness length is

5r§7ﬁsza7ﬁ)- = [1 + g(Pl/rz)h(a/W)]f(a/W) (9)




The numerical results from References 2 and 7 and the limits are normalized
in accordance with Eq. (9) and are listed in Table III for S/W = 4, and the
results from Reference 2 along with the limits for S/W = 3 are listed in Table
IV. For the same reasons as presented above for the stress intensity factor
solutions, the form of Eq. (9) was chosen. The interpolating polynomials for
the crack-mouth-opening displacement were determined in the same manner as the
stress intensity factor. They are

For S/W = 4:
g(ry/rp) = 0.832 ~ 1.376 ry/rp + 0.544(rq/rp)?
h{a/W) = 1.007 - 3.249 a/W + 4.517(a/W)2 - 2.275(a/W)?3
fla/W) = 8.747 - 25.576 a/W + 66.722(a/W)2 - 93.010(a/W)?
+ 63.579(a/W)* - 16.509(a/W)s (10)
For S/W = 3:
3{rq/rp) = 1.035 - 3.238 rq/rp + 2.938(r1/rp)? - 1.005(rq/rp)?

h(a/W) = 1.001 - 4.974 a/W + 10.425(a/W)? - 8.340(a/W)? + 1.885(a/W)*

f(a/W) = 8.741 - 28.100 a/W + 75.198(a/W)2 - 93.686(a/W)> + 41.800(a/W)4

The accuracy of these polynomials is as follows: for S/W = 4, better than
© 0.1 percent at a/W = 0 and - 1.5 percent for any a/Wand 1 € rq{/r>» < 0.6; for

S/W 3, better than = 0.1 percent at a/W = 0 and - 3.8 percent for any a/W and

i

1 < ri{/ro < 9.4,

CONCLUSIONS

The short crack 1imit solutions for the stress intensity factor and crack-
‘nuth-opening displacement for the arc bend-chord support specimen have been
derived. This lim.t, along with the deep crack limit and the numerically dete. -

mined values of these same parameters, was used to develop interpolating




polynomials for a wide range of specimen configurations. These polynomials were
specifically developed to ensure that the short crack 1imits were as accurate as
possible. Interpolating polynomials for this specimen for crack lengths custom-
arily used for fracture toughness testing and fatigue crack growth testing can

be found elsewhere.
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Figure 1.

Schematic of the arc bend-chord support specimen
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